ABSTRACT. Graves' disease (GD) is an organ-specific autoimmune thyroid disease; 25-50% of GD patients will develop Graves' ophthalmopathy (GO). The etiology of GD and GO may be multifactorial, but the immune response plays a central role. Many studies have reported that IL-21 has crucial roles in autoimmune diseases. We examined whether IL-21 is associated with the development of GD and GO. The serum concentration of IL-21 was tested in 40 primary GD patients, 42 treated GO patients and 24 healthy controls. Our data show that the serum level of IL-21 is associated with the development of GD. We also made an association study with the IL-21 gene polymorphisms rs4833837, rs907715 and rs13143866 in a comparison of 633 patients and 612 healthy controls from the Chinese population. This case-control association study demonstrated that rs907715 SNP is significantly associated with GD, while the rs13143866 A allele is significantly associated with GO. The haplotypes A-G-G and A-A-A were found ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 10 (4): 3338-3346 (2011) IL-21 and Graves' disease 3339 at higher and lower frequencies, respectively, in GD patients, suggesting a protective role for A-A-A. However, there were no significant differences in the frequencies of these haplotypes between the GO patients and the control group. We found no association between IL-21 gene polymorphisms and the age of GD onset. We conclude that IL-21 is associated with GD and GO.
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INTRODUCTION
Graves' disease (GD) is an organ-specific autoimmune thyroid disease and characterized by the presence of thyroid-specific reactive T lymphocytes and autoantibodies and typical clinical manifestations (Ban and Tomer, 2003) . About 25-50% individuals with GD have clinical manifestation of Graves' ophthalmopathy (GO) (Bahn, 1995) . Infiltration of activated T cells, B cells, and macrophages as well as the expansion of eye muscles and orbital fat tissues can be observed through histologic examinations of the retrobulbar tissues (Weetman et al., 1989) . The course of GO is unpredictable and rapid deterioration can occur at any time (Bednarczuk et al., 2007; Yamada et al., 2000) . The etiology of GD and GO may be multifactorial, involving complex interactions between genetic, environmental, endogenous and local factors (Farid and Balazs, 1998) . However, immune response plays a central role in the pathogenesis of GD. Cytokines, a large group of non-enzymatic proteins, participate in the induction and effector phases of all inflammatory and immune responses, and are therefore likely to play a critical role in the development of autoimmune diseases (Chen et al., 2005) . Liu et al. (2008) have determined that the interleukin 21 (IL-21) gene is located at chromosome 4q27, and it was recently shown to be associated with four autoimmune diseases (Celiac disease, type 1 diabetes, Grave's disease and rheumatoid arthritis). IL-21, a newly identified member of theγ-chain family, was originally thought to be produced only by CD4+ T cells, but it is also produced by Th17 cells and NKT cells, indicating its role both in innate and adaptive immune responses (Spolski and Leonard, 2008) . It signals through the commonγ-chain of the IL-2 receptor and its own unique receptor (designated IL-21R) (Leonard and Spolski, 2005) . IL-21R, consisting of a unique IL-21R-a chain and the common γ-chain, is widely expressed on T cells, B cells, NK cells, and dendritic cells in all lymphoid tissues, as well as some nonimmune cells, such as fibroblasts and epithelial cells (Davis et al., 2007) . IL-21 can therefore exert a variety of regulatory effects on both lymphoid and nonlymphoid cells (Caprioli et al., 2008) . In the last few years, it has become clear that not only does IL-21 regulate normal lymphoid development and function, it also serves crucial roles in inflammatory responses, allergy, autoimmunity, and certain antitumor actions (Spolski and Leonard, 2008) . High production of IL-21 has been described in various immune-mediated diseases, including inflammatory bowel diseases, celiac disease, and Helicobacter pylori-related gastritis (Caruso et al., 2007) . Previous studies have shown that the disrup- Caruso et al., 2007) . Previous studies have shown that the disrup-). Previous studies have shown that the disruption of the IL-21 gene or injection of recombinant IL-21 enhances the expression of experimental autoimmune myasthenia gravis (EAMG) and experimental autoimmune encephalomyelitis (EAE), respectively (Liu et al., 2006; Vollmer et al., 2005) . It has been suggested that the manipulation of IL-21-mediated signaling directly alters the function of CD8 + cells, B cells, T helper cells, and NK cells In these experimental systems (Piao et al., 2008) .
The IL-21 gene, located at chromosome 4q26-q27, consists of 5 exons spanning approximately 8.44 kb of genomic DNA. To understand how IL-21 is involved in the develop-ment of the disorder, we determined the serum levels of IL-21 in Chinese patients with GD and/or GO and controls. We also performed an association study with the IL-21 gene polymorphisms between 633 patients and 612 healthy controls. Our results showed that interleukin-21 was strongly associated with GD and GO.
SUBJECTS AND METHODS

Subjects
GD patients (N = 633, 158 males and 475 females, aged 10-81 years, mean age of 38.9 ± 13.7 years) being treated at Ruijin Hospital were enrolled in this study. GD was diagnosed on the basis of clinical manifestations, biochemical criteria of thyrotoxicosis (TSH < 0.05 mIU/L and increased free T3 and/or free T4), and the presence of TSH receptor antibodies (Meller et al., 2000) . GO was diagnosed by experienced ophthalmologists and was classified using the "NOSPECS" classification (Mourits et al., 1989; Lin et al., 2008) ; patients with class 2-6 were considered as having GO. There were 171 GD patients with vert-ophthalmopathy (NOSPECS class 2 or more; GO) and 462 GD patients without or with mild ophthalmopathy (NOSPECS class 0 and 1).
Healthy Chinese volunteers (N = 612, 145 males and 467 females, aged 17-85 years, mean age of 51.1 ± 15.0 years) from the same region of China without family history of GD or other autoimmune diseases served as the control group. Informed consent was obtained from all participants, and the study was approved by the Ethics Committee of Ruijin Hospital, Shanghai JiaoTong University, School of Medicine.
Measurement of serum IL-21 concentration
The concentration of IL-21 polypeptide in the different sera was determined with a commercially available ELISA kit (R&D Systems, Minneapolis, MN). The following sera were tested: 40 sera of primary GD patients, 42 sera of treated active GO patients and 24 sera of healthy controls.
IL-21 gene SNP selection
For the selection of the SNPs, Haploview software (http://www.broad.mit.edu/mpg/ haploview) was applied to perform linkage disequilibrium and haplotype block analyses using Hapmap phase genotype data for the chromosomal region 4:123,750,234..123,764,662 (CHB database, Hapmap release 27). The amplicon of interest was a 14.4 kb region, with the IL-21 gene and approximately 3 kb upstream and 3 kb downstream of the IL-21 gene. The selection of tag-SNP was performed by running the tagger program implemented in Haploview (Barrett et al., 2005) . The criterion for r 2 was set at >0.8. Four tag-SNPs (rs2221903, rs4833837, rs907715, rs13143866) were chosen. The two SNPs of rs2221903 and rs907715 were analyzed in linkage disequilibrium (r 2 = 1), and rs907715 was chosen in our study.
Genotyping
Genomic DNA from peripheral blood was extracted using a commercially available kit (Qiagen, Hilden, Germany) according to the manufacturer instruction. The four tag-SNPs were genotyped on the GenomeLab SNPstream 12-plex Genotyping System (Beckman & Coulter Fullerton, CA, USA) following manufacturer instructions. This platform uses a single-base pair extension reaction to incorporate two-color fluorescence terminal nucleotides that are detected by a specialized imager (Liang et al., 2008) . To confirm the results of genotyping by the SNPstream System, 100 random samples were selected to perform a direct sequencing analysis, and the results of both methods were identical.
Statistics
The genotype distributions in both groups (control and GD) were examined using Hardy-Weinberg equilibrium. Clinical data were expressed as mean ± SD. The difference in IL-21 serum concentrations was calculated using the independent samples t-test. Allelic association for individual IL-21 SNPs with GD was performed by the χ 2 test or Fisher's exact test within the SPSS for Windows version 11.0 statistical package (SPSS, Chicago, IL, USA). The strength of the association between the presence of the disease and the constitutionally determined alleles was estimated by the odds ratio (OR). OR and 95% confidence intervals (CIs) were calculated using the Mantel-Haenszel method. The associations of genotype and frequencies with GD were estimated using the SNPStats program (Solé et al., 2006) separately under the additive, dominant, and recessive model. The program SNPStats was also adopted for haplotype analysis. In a first approximation, all haplotypes identified were computed, but in order to minimize loss of power, haplotypes with a frequency lower than 5% were excluded from further analysis.
RESULTS
The different serum levels of IL-21 between patients and normal controls
The serum concentration of IL-21 in the primary GD patients was significantly higher than that of the healthy controls (P = 0.001) and treated active GO patients (P = 0.008). The mean serum concentration of IL-21 in treated active GO patients was also higher than that of the healthy controls, 95.0 vs 87.2 pg/mL; however, there was no statistically significant difference (P > 0.05) (Figure 1) . Figure 1 . Serum levels of IL-21 in primary GD patients, treated active GO patients and normal controls. # stands for the significant difference between the primary GD patients and normal controls.
Single variant association
Three SNPs were identified in this study, and all were in Hardy-Weinberg equilibrium. carriers of the rs907715 G allele had increased susceptibility to GD. A significantly higher percentage of GD patients had the G allele compared to the control subjects at an even lower level of P-value [P allele = 6E-05, Pc = 1.8E-04]. The SNP rs13143866 A allele was significantly associated with GO [P allele = 3E-5, P c = 9E-5], but not with GD.
Haplotype analysis
Haplotype analyses were performed using the SNPStats program. Rare haplotypes (frequencies <0.05) were combined. The most common haplotype (A-A-G) served as the reference haplotype in our analysis (Tables 2A,B ). There was a significant difference in the global haplotype profile between the GD and control group (P < 0.0001). Compared to the controls, the haplotype A-G-G showed higher frequency in GD patients (39 vs 34%; P = 0.012, P c = 0.036; OR = 1.28, 95%CI = 1.06-1.55). The haplotype A-A-A had a lower frequency in GD patients (5 vs 9%; P = 0.0062, P c = 0.019; OR = 0.55, 95%CI = 0.36-0.84). This suggests that the haplotype A-G-G may play a harmful role, while the haplotype A-A-A may exert a protective effect. However, there was no significant difference between the GO patients and the controls.
Association between IL-21 gene polymorphisms and the age of GD onset
Both the G-allele and GG genotype frequencies of rs13143866 in the subjects with an earlier onset age of GD (< 40 years) appeared greater than that in the subjects with a later onset (≥ 40 years), but there was no statistically significant difference (P allele = 0.032, P c = 0.096; P dominant = 0.045, P c = 0.135; Tables 3A). The frequency of haplotype A-G-A was higher in the subjects with a later onset age of GD than that in the subjects with an earlier onset, but there was no statistically significant difference (7 vs 3%; P = 0.036, P c = 0.108; OR = 2.06; 95%CI = 1.05-4.04) ( Table 2B . Three marker haplotype frequencies in a case-control cohort of patients with GO.
Global haplotype association P-value: <0.0001.
Global haplotype association P-value: <0.0001. GO = Graves' disease associated ophthalmopathy; OR = odds ratio; CI = confidence interval. The most common haplotype is reference. Data are presented as frequency. P values <0.05 are considered significant. a Rare haplotype combined. Each haplotype has a frequency below 5% among the controls.
DISCUSSION
IL-21 as a cytokine affects the function of a number of immune competent cells upon binding to its receptor (IL-21R) (Mehta et al., 2004) . The effects of IL-21 on effector cells are pleomorphic, as it has been shown to both promote and suppress immune responses. IL-21 augments the proliferation of CD4+ and CD8+ T lymphocytes, regulates the survival and the profile of cytokines secreted by these cells, drives the differentiation of B cells into memory cells and terminally differentiated plasma cells, and enhances the activity of NK cells (ParrishNovak et al., 2000; Kasaian et al., 2002; Ozaki et al., 2002; Strengell et al., 2003) .
GD is a T helper 2 (Th2) predominant autoimmune disorder characterized by the presence of anti-thyrotropin receptor antibody, which stimulates thyroid hormone secretion (Hiromatsu et al., 2006) . Thyroid-associated ophthalmopathy is generally considered to be an autoimmune disorder that is closely associated with GD (Wall et al., 1991) . However, only some GD patients develop clinically evident ophthalmopathy. The mechanisms of the development of ophthalmopathy are still unclear. Cytokines from infiltrating lymphocytes and macrophages may serve important functions in the initiation and propagation of the autoimmune process in the orbit (Hiromatsu et al., 2002 Table 3A . IL-21 gene variations and associations with onset ages of GD. Global haplotype association P-value: 0.2.
In the present study, we found that the serum IL-21 levels of GD patients were significantly higher than that of the healthy controls. This suggests that IL-21 could play a role in the pathogenesis of GD. However, there was no significant difference in serum IL-21 levels between treated active GO patients and the healthy controls; drug intervention in GO patients could have impacted the results. We also investigated IL-21 gene polymorphism for the risk of GD in Chinese GD and GO patients. The case-control association study results showed that the SNP rs907715 was significantly associated with GD and that the rs13143866 A allele was significantly associated with GO patients.
The haplotype A-G-G showed higher frequency in GD patients and the haplotype A-A-A had a lower frequency in GD patients. This suggests that the haplotype A-G-G may play a harmful role, and that the haplotype A-A-A may exert a protective effect. Nevertheless, there was no significant difference between the GO patients and the controls. There was no association between IL-21 gene polymorphisms and the age of GD onset. In conclusion, IL-21 gene may have an important effect during the development of GD and GO.
